Investigation of 18 inbred and 6 FI hybrid mouse strains has shown that the glomerular filtration rate, bodyweight and kidney weight showed strain-and sex-dependent differences. Covariance analysis showed stronger correlations (genetic and environmental) between glomerular filtration rate and bodyweight than between glomerular filtration rate and kidney weight. This was predominantly due to a high within-strain variation of kidney weight (56%) in male mice. Therefore an allometric regression was calculated between the 48 strain means of glomerular filtration rate (GFR) and body weight (BW): BWO' 74 Thus the term BWO' 74 , a suitable correction term for comparing the heat production of different species, is also suitable for the correction of glomerular filtration rate within one species.
Zen/rales Tierlaboratorium der Medizinischen Hochschule Hannover, Karl-Wiechert-Allee 9, D-3000 Hannover 61, Federal Republic of Germany Summary Investigation of 18 inbred and 6 FI hybrid mouse strains has shown that the glomerular filtration rate, bodyweight and kidney weight showed strain-and sex-dependent differences. Covariance analysis showed stronger correlations (genetic and environmental) between glomerular filtration rate and bodyweight than between glomerular filtration rate and kidney weight. This was predominantly due to a high within-strain variation of kidney weight (56%) in male mice. Therefore an allometric regression was calculated between the 48 strain means of glomerular filtration rate (GFR) and body weight (BW): GFR = 0·036 x BWO' 74 Thus the term BWO' 74 , a suitable correction term for comparing the heat production of different species, is also suitable for the correction of glomerular filtration rate within one species.
In inbred mice the average kidney-to-bodyweight ratio differs between strains by up to a factor of 2 (Schlager 1968 ). This variation was mainly due to genetic variation in the relative size of the kidney. Stewart (1970) , Stewart & Spickett (1967) and Stewart & Mowbray (1972) also investigated strain differences in diuretic response either to water or electrolyte loading. Thus the question arose of whether these morphological strain difference described by Schlager (1968) were correlated with differences in 'renal function as well as renal histology.
It is well known that susceptibility to some kidney diseases such as amyloidosis is strain dependent (Dunn, 1965) and is, of course linked with loss of renal fU!lction. Moreover, changes with age of renal function are closely correlated with histological changes, and the onset as well as the profile of these changes appears to be strain dependent (Hackbarth & Harrison, submitted for publication) . Genetic variation in the kidney itself seems to be responsible for functional strain differences, such as blood pressure as shown in rats by kidney transplantation (Dahl, Heine & Thompson, 1972) . Received 20 November 1980 . Accepted 20 February 1981 Genetic correlations between physiological renal function and kidney size or histology have not been investigated in detail.
Thus the aim of this study was: to screen inbred strains of mice for differences in glomerular filtration rate, body weight and kidney weight; to calculate genetic and environmental correlations between these variables; to obtain a better understanding of the relationship between renal function and morphology.
Materials and Methods Bodyweight
(BW), kidney weight (KW) and glomerular filtration rate (GFR) were assessed in 18 inbred and 6 F 1 hybrid strains of mice (Tables 2 and 3) using 5 mice of each sex per strain. The animals were aged 100 ± 5 days. All strains were bred by the Jackson Laboratory and are described by Staats (1980) . They were maintained under the environmental conditions described by Heiniger & Dorey (1980) and fed the same pelleted diet (Emory Morse Co., Guilford, USA; diet 96W containing 22% protein, 7·3% fat, 2·1% fibre, 0·2% calcium and 0·8% phosphorous) for at least 14 days before starting the experiment.
The glomerular filtration rate was estimated by the total clearance after, a single injection of S ICr-EDT A (Hackbarth & Liinebrink, 1979) , calculated according to Dost (1968) .
Bodyweights were determined on a semi microbalance with an accuracy of ±O·S g. Following cervical dislocation the kidneys were immediately removed, decapsulated and weighed on a microbalance with an accuracy of about to· I mg.
Strain and sex differences of each character were calculated using a I-way variance analysis (Weber, 1972) and strain means were ranked for each character following a Student-Neuman-Keuls-multiple range test. Heritability was estimated by the intraclass correlation coefficient (Festing, 1979b) : n is the number of animals tested per strain.) Genelic and environmental correlations were calculated using the method of covariance analysis (Snedecor & Cochran, 1969) .
Results

Sex differences
Bodyweight, (BW), kidney weight (KW) and glomerular filtration rate (GFR) showed a significant (P < 0·05) sex difference in most of the strains (Table   I) , therefore ranked means were calculated separately for each sex.' Table 2 shows the means of males and Table 3 of females, ranked from high to low. Means bracketed together do not differ at a 5% probability level. There were obvious strain differences for nearly every variable. There were fewer significant strain differences in kidney weight of the males than the 2 other variables and than kidney weight in females. This is due to a high within-strain variation. However, the relative difference between the strains with the lowest and highest kidney weight was the same (60%) in males and females.
Strain differences
Heriiability, and genetic and environmental correlations
These are given in Tables 4 and 5 with a pooled standard error. There were significant genetic correlations between kidney weight and bodyweight, kidney weight and glomerular filtration rate, and bodyweight and glomerular filtration rate. Moreover, there were also significant environmental correlations between body weight and kidney weight, as well as between bodyweight and glomerular filtration rate, while the relation between kidney weight and glomerular filtration rate seemed to be less affected by the environment.
Allometric equation oj glomerular filtration rate versus bodyweight
A logarithmic plot was performed of strain means of glomerular filtration rate in ml/min/animal against bodyweight in g ( Fig. I) . Because of the obvious sex difference 2 means were plotted for each strain. In
This gave least square estimates of a = 0·036 and b = O· 74, leading to the following equation for glomerular filtration rate (GFR): GFR = 0·036 x BWo"4, (r = 0·59, n = 48)
Discussion
Only a few papers have been published dealing with the heritability of kidney weight (Schlager, 1968; Shibata, 1965) and genetically-controlled strain differences of renal function between different inbred strains (Silverstein, 1961; Spickett, Shire & Stewart, 1967; ~tewart & Spickett, 1967; Stewart, 1970;  Stewart & Mowbray, 1972; Shire, 1968) , but no values' are reported for correlations between renal function and body and organ weights, even though it is known that mice show strain differences in kidney-tobody weight ratio by a factor of 2 (Schlager, 1968) .
The comparison of physiological functions between different . species has been extensively reviewed by Schmidt-Nielsen (1972) and Gunther (1971) . But it is still not clear which term is the correct one for intraspecies comparison of renal functions. Differences between different inbred strains of the same species are smaller than between species, but they are big enough for correlation analysis. Moreover, within an inbred strain we can assume an identical genotype. This material provides the opportunity to calculate correlations between different variables, and to divide these correlations into either genetic or environmental sources by the method of covariance analysis. Few inbred strains have been investigated for renal function and morphology, so that the renal physiologist hardly knGws the wide variation of renal function which occurs among different inbred strains (Festing, 1979a) . Moreover; it may be possible to find special mutants and models among the different inbred strains for special investigations. The present study is a first step in this direction. By investigating 24 inbred and F I hybrid strains of mice for glomerular filtration rate, bodyweight and kidney weight, we found sex (Table 1) and strain differences (Tables 2 and 3) for each (120) x ± sd (n) KW(g) 0·385 ± 0·032 (120) • 0·252 ± 0·058 (120)
• P < 0·05 GFR (ml/min/animal) 0·463 ± 0·109 (120) • 0·380 ± 0·083 (/20) depending on strain and sex between 37 and 45%, while the glomerular filtration rate showed strain differences up to 53% in both sexes. The strain differences of each variable showed a highly distinctive ranking; at least 7-10 strains differed significantly (P < 0·05) for each variable (Tables 2 and 3 ). The kidney weight of males showed only 3 significantly different classes. even though the difference between the highest and the lowest strain was 39%. This lack of significance was due to a high within-strain variance component. 56% of the total variance of kidney weight in males was ascribed to environmental sources. The reason for this could be an androgen induced hypertrophie of renal tubular mass, which was shown to cause the obvious sex difference of kidney weight in mice (Messow, Gartner, Hackbarth, Kangaloo & Lunebrink, 1980) . The glomerular filtration rate was not influenced by this high within-strain variation of kidney weight in male mice.
Thus the first result of this study is a negative one-the comparison of glomerular filtration rate in terms of kidney weight, at least in male mice, is not suitable because a high within-strain variation of kidney weight raises the variability of glomerular filtration rate. Bodyweight and kidney weight are highly genetically correlated (Table 5 ). There was no statistically significant difference between the genetic correlations of glomerular filtration rate to bodyweight or kidney weight. Environmental correlations were not statistically different between body weight and kidney weight and between body weight and glomerular filtration rate, but were lower between kidney weight and glomerular filtration rate. This is probably also due to the high within-strain variation of kidney weight in male mice that has been mentioned above.
Thus these correlations suggest that the comparison of glomerular filtration rates measured in different mouse inbred strains results in less within-strain variability when the glomerular filtration rate is corrected for bodyweight instead of kidney weight. There are many ways of correcting physiological function for body weight. Kleiber (1932) abandoned the surface law and suggested some power of the bodyweight to be the best correction term. By plotting the strain means of In GFR (glomerular filtration rate) versus the strain means of In BW (bodyweight) a 
This genetic allometric equation with the power of O· 74 fits very well with the findings of Kleiber, who found the lowest coefficient of variability of heat production of different species when the heat production was corrected by BWo' 74 Environmental allometric equations could not be calculated because the number of animals per strain and sex was too small. Nevertheless, the agreement of the genetic allometric regression with the findings of Kleiber and Giinther indicates that the major differences of physiological functions between different species are caused by genetic and not environmental factors. Therefore the correction term given here can and should be used in renal physiology for intra-as well as inter-species comparison.
